Mobile devices such as cell phones and personal digital assistants (PDAs) are becoming increasingly popular tools to access the Internet. Unfortunately, the experience of users attempting to access web pages with these mobile devices has been less than satisfactory because of their small display areas, slow communications links and low computing power. In this paper, we propose a trained scorer to estimate the mobilefriendliness scores of web pages, providing an indication of their suitability for mobile devices. These scores help mobile-friendly pages receive higher ranks in search results when mobile users seek information on the web. Our experiments show that the search results re-ranked by our mobilefriendliness scores increase mobile user satisfaction.
Introduction
Despite the rapidly increasing number of mobile users [1] , general-purpose search engines may not put mobile-friendly pages high in their search results. This is because search engines do not explicitly consider the mobile-friendliness of web pages in their page rankings. Here, mobile-friendliness means mobile users can obtain information from the page without any major inconvenience, even though mobile devices have certain inherent limitations like small display areas, less powerful CPUs and slow communications links [2] . In other words, mobile-friendliness indicates the suitability of a given page for mobile devices. Although there are "mobile" search engines, they usually focus on finding only mobile-specific pages (written in WML, cHTML, etc.). Such mobile-specific pages are undoubtedly mobilefriendly, but they are very few in number. Consequently, mobile search engines frequently fail to meet mobile users' information needs.
In this paper, we propose a method for estimating mobile-friendliness scores of web pages. The mobilefriendliness score indicates in a quantitative manner how suitable a web page is for mobile devices, and thus can help search engines find mobile-friendly pages on the web. The contributions of our work include:
• A usability study was conducted to find out which pages are mobile-friendly and why. Here, 16 people participated and 400 web pages were examined.
• We derived 21 factors affecting mobile-friendliness from the results of the usability study. We call these factors mobile-friendliness factors. Also, we propose a trained scorer, the Mobile-Friendliness Scorer (MFScorer), for estimating mobile-friendliness scores.
• In our experiments, 40 people participated in estimating mobile-friendliness scores for 1,200 web pages. These scores were then compared with the scores generated by the MFScorer and by mobiReady * * , a popular tool for measuring the mobile-readiness of web content. Our experimental results show that our mobile-friendliness scores are more similar to humangenerated scores than mobiReady's.
Related Work
Web Content Accessibility Guidelines (WCAG) 2.0 * * * , HTML 4.0 Guidelines for Mobile Access * * * * and Mobile Web Best Practices 1.0 * * * * * have been published to promote mobile-friendly web page design. Although we can derive a metric for calculating mobile-friendliness scores of web pages from these guidelines, many guidelines are impractical, some too abstract, and some unnecessary.
W3C MobileOK Checker * * * * * * and mobiReady are now being developed to evaluate the mobile-friendliness of web pages. MobileOK Checker only tests whether web pages follow the guidelines of Mobile Web Best Practices 1.0 and does not provide a quantitative measurement of their mobile-friendliness. mobiReady estimates mobilefriendliness scores like ours does, but our experimental results reveal a gap between scores generated by people and by mobiReady.
Usability Study
We performed a usability study to determine what factors could hinder obtaining information from desktop-oriented web pages with mobile devices. First, we selected 100 infor- -Page has high-resolution images, many columns or frames.
-Page has unnecessary horizontal spaces.
-Users may need to horizontally scroll on every line when reading text. -User may miss some content rendered beyond the right boundary of a page. Low primary content understandability (8.5%) -Page has complex navigational links at the top. -Page has too many decorative images at the top that are not related to primary content.
-Users may miss or have difficulty grasping primary content.
Low image text readability (4.5%) -Page has text in images that are scaled down.
-Users may have difficulty reading text in the scaled-down image text. Figure 1 shows examples of image text. Long page loading time (3.9%) -Page has many large images. -Page size itself is too large.
-Users may need great patience. -Communication costs may increase when transmitting a large page by wireless networks.
-Page may not be fully loaded because it is too large. Too much vertical scrolling (2.9%) -Page is too long.
-Users may have difficulty accessing the primary content. -User concentration is weakened. † † † ; and we entered these queries into Google and collected 100 links from the results pages. (The links were saved to an HTML file for the subjects who participated in our study to easily open them.) Then, we asked nine people to give us reasons why they sometimes felt inconvenienced or frustrated when they opened the selected web pages in the browsers of mobile devices † † † † . Here, the nine subjects were all the MSRA interns who majored in computer science; they all had many experiences to access web pages via mobile devices. We analyzed their valuable 900 comments and summarize them as listed in Table 1 .
After the first step of the usability study, we performed a second study to determine whether the degree of mobilefriendliness of a web page can be quantitatively calculated. We selected 300 web pages in a way similar to that of the first usability study. Additionally, we generated four questions based on the results of the first study. For each of the 300 web pages, seven people gave scores from 1 to 4 (1=poor, to 4=excellent) for four questions, and we regarded the average of the scores as a mobile-friendliness score of the page. These seven subjects were completely different members from the previous study (threes majored in com- puter science and the others majored in biology, English literature, electronics, and industrial design). If most of the subjects gave similar scores for each web page, the mobilefriendliness score of that page might be quantitatively calculated from our study. To check whether they gave similar scores or not, we used a two-way ANOVA as listed in Table 2 . Rows refers to the seven mobile-friendliness scores generated for each of the 300 pages, and Cols refers to the 300 mobile-friendliness scores generated by each of the seven subjects. The results of the two-way ANOVA show that the subjects gave similar scores to each page.
Estimating Mobile-Friendliness Scores
From the results of the usability study in Sect. 3, we derived 21 factors that affect mobile-friendliness: We propose a trained scorer, the Mobile-Friendliness Scorer (MFScorer), based on a support vector machine [4] , [5] as shown in Fig. 2 . We made a learning-based scorer rather than other methods (e.g., rule-based) because the number of mobile-friendliness factors is not small and many kinds of mobile devices exist in the world. MFScorer regards the estimation of mobile-friendliness scores as a multi-class classification problem; i.e., it classifies web pages into four classes: poor (score 1), bad (score 2), good (score 3) and excellent (score 4). For 21 mobile-friendliness factors (training features), MFScorer was trained with 300 mobile-friendliness scores (a training set) from our usability study. After training, if a user enters the URL of a web page in MFScorer, MFScorer calculates the values of 21 mobile-friendliness factors from the page and estimates the mobile-friendliness score (1=poor, 2=bad, 3=good and 4=excellent) of that page.
Experiments
In the experiments, we show that MFScorer provides greater satisfaction to mobile users than does the previous work, mobiReady, when each of the mobile-friendliness scores of MFScorer and mobiReady are applied to the search results, respectively.
First, we selected 40 queries in the same way as in Sect. 3 and then entered the queries into Google. From the search results, we took the 30 top-ranked web pages (including ranking information) for each of the queries. We then asked 40 people to estimate the mobile-friendliness scores of those pages, with MFScorer and mobiReady estimating the mobile-friendliness of the same pages. Here, 53% of the 40 subjects majored in computer science and the others had different backgrounds such as mathematics, chemistry, physics, etc. After scoring the pages, we re-ranked the 30 web pages for each of the queries by the mobile-friendliness scores generated by the 40 people, by MFScorer and by mobiReady. To do this, the following value F was used:
In Formula (1), R and R max are an original rank and maximum rank, respectively; S is a mobile-friendliness score; S min and S max are the lower and upper bounds of a mobile-friendliness score, respectively; and α is a weightvalue (i.e., the original ranks are given greater consideration when α goes to 0 and mobile-friendliness scores are given greater consideration when α goes to 1). In the experiment, R max was set to 30, since only the top 30 pages were used. Because people gave mobile-friendliness scores from 1 to 4, the S min and S max of people were set to 1 and 4. In the case of MFScorer, its S min and S max were set to 1 and 4, respectively. Similarly, the S min and S max of mobiReady were set to 1 and 5, respectively. We re-ranked the 30 web pages for each of the queries in decreasing order of their F value.
For each of the queries, we selected the top 10 web pages generated by users as relevant pages. Then, by comparing the relevant pages with the top 10 pages of MFScorer and mobiReady, we calculated recalls, precisions and Fmeasures for each of the queries. Figure 3 shows the averages of the recalls (top), precisions (middle) and F-measures (bottom) of MFScorer and mobiReady for all the queries with varying α from 0.1 to 0.9. In the figure, the averages of recalls of MFScorer were better than those of mobiReady. In the case of the averages of precisions, mobiReady outperformed MFScorer slightly between 0.1 and 0.35 of α, but MFScorer had much better performance than mobiReady in the other range of α. Lastly, the averages of the F-measures of MFScorer performed better than those of mobiReady at any value of α.
From the results so far, the mobile-friendliness scores estimated by MFScorer satisfy mobile users more than those generated by mobiReady when the scores are considered as a measure of mobile-user satisfaction.
Conclusion
In this paper, we proposed a trained scorer called MFScorer for estimating the mobile-friendliness scores of web pages. These scores can help search engines assign high ranks to mobile-friendly web pages when users search for information with search engines on mobile devices. Through our in-depth usability study, we derived 21 factors affecting mobile-friendliness. These factors are more practical than those obtained in previous works because their values can be calculated by machine. Also, we obtained 300 mobile-friendliness scores from the usability study, and they were used for a training set of MFScorer. Our experimental results show that search results re-ranked by MFScorer's mobile-friendliness scores are more relevant than those reranked by mobiReady's scores.
